WATER QUALITY INDICATORS

Water quality data are used to describe the condition of a waterbody, to help understand why that
condition exists, and to provide some clues as to how it may be improved. Water quality indicators include
physical, chemical, and biological measurements. Copies of the Standard Operating Procedures used for
these measurements are available from the Department's Bureau of Water and the Bureau of Environmental
Services.

MACROINVERTEBRATE COMMUNITY

Macroinvertebrates are aquatic insects and other aquatic invertebrates associated with the substrates of
waterbodies (including, but not limited to, streams and rivers). Macroinvertebrates can be useful indicators of
water quality because these communities respond to integrated stresses over time which reflect fluctuating
environmental conditions. Community responses to various pollutants (e.g. organic, toxic, and sediment) may
be assessed through interpretation of diversity, known organism tolerances, and in some cases, relative
abundances and feeding types.

FisH Ti1SSUE

Many pollutants occur in such low concentrations in the water column that they are usually below
analytical detection limits. Over time many of these chemicals may accumulate in fish tissue to levels that are
easily measured. By analyzing fish tissue it is possible to see what pollutants may be present in waterbodies at
very low levels. This information can also be used to determine if consumption of the fish pose any undue
human health concerns and to calculate consumption rates that are safe.

DissoLVED OXYGEN

Oxygen is essential for the survival and propagation of aquatic organisms. If the amount of oxygen
dissolved in water falls below the minimum requirements for survival, aquatic organisms or their eggs and
larvae may die. A severe example is a fish kill. Dissolved oxygen (DO) varies greatly due to natural
phenomena, resulting in daily and seasonal cycles. Different forms of pollution also can cause declines in
DO.

Changes in DO levels can result from temperature changes or the activity of plants and other
organisms present in a waterbody. The natural diurnal (daily) cycle of DO concentration is well documented.
Dissolved oxygen concentrations are generally lowest in the morning, climbing throughout the day due to
photosynthesis and peaking near dusk, then steadily declining during the hours of darkness.

There is also a seasonal DO cycle in which concentrations are greater in the colder, winter months
and lower in the warmer, summer months. Streamflow (in freshwater) is generally lower during the summer
and fall, and greatly affects flushing, reaeration, and the extent of saltwater intrusion, all of which affect
dissolved oxygen values.

BIOCHEMICAL OXYGEN DEMAND
Five-day biochemical oxygen demand (BOD:x) is a measure of the amount of dissolved oxygen
consumed by the decomposition of carbonaceous and nitrogenous matter in water over a five-day period.



The BOD test indicates the amount of biologically oxidizable carbon and nitrogen that is present in wastewater
or in natural water. Matter containing carbon or nitrogen uses dissolved oxygen from the water as it
decomposes, which can result in a dissolved oxygen decline. The quantity of BOD, discharged by point
sources is limited through the National Pollutant Discharge Elimination System (NPDES) permits issued by
the Department. The discharge of BOD. from a point source is restricted by the permits so as to maintain the
applicable dissolved oxygen standard.

PH

pH is a measure of the hydrogen ion concentration of water, and is used to indicate degree of acidity.
The pH scale ranges from 0 to 14 standard units (SU). A pH of 7 is considered neutral, with values less than
7 being acidic, and values greater than 7 being basic.

Low pH values are found in natural waters rich in dissolved organic matter, especially in Coastal
Plain swamps and black water rivers. The tannic acid released from the decomposition of vegetation causes
the tea coloration of the water and low pH.

High pH values in lakes during warmer months are associated with high phytoplankton (algae)
densities. The relationship between phytoplankton and daily pH cycles is well established. Photosynthesis by
phytoplankton consumes carbon dioxide during the day, which results in a rise in pH. In the dark,
phytoplankton respiration releases carbon dioxide. In productive lakes, carbon dioxide decreases to very low
levels, causing the pH to rise to 9-10 SU. Continuous flushing in streams prevents the development of
significant phytoplankton populations and the resultant chemical changes in water quality.

FeECAL COLIFORM BACTERIA

Coliform bacteria are present in the digestive tract and feces of all warm-blooded animals, including
humans, poultry, livestock, and wild animal species. Fecal coliform bacteria are themselves generally not
harmful, but their presence indicates that surface waters may contain pathogenic microbes. Diseases that can
be transmitted to humans through water contaminated by improperly treated human or animal waste are the
primary concern. At present, it is difficult to distinguish between waters contaminated by animal waste and
those contaminated by human waste.

Public health studies have established correlations between fecal coliform numbers in recreational and
drinking waters and the risk of adverse health effects. Based on these relationships, the USEPA and
SCDHEC have developed enforceable standards for surface waters to protect against adverse health effects
from various recreational or drinking water uses. Proper waste disposal or sewage treatment prior to
discharge to surface waters minimizes this type of pollution.

NUTRIENTS
Oxygen demanding materials and plant nutrients are common substances discharged to the

environment by man's activities, through wastewater facilities and by agricultural, residential, and stormwater
runoff. The most important plant nutrients, in terms of water quality, are phosphorus and nitrogen. In
general, increasing nutrient concentrations are undesirable due to the potential for accelerated growth of
aquatic plants, including algae. Nuisance plant growth can create imbalances in the aquatic



community, as well as aesthetic and access issues. High densities of phytoplankton (algae) can cause wide
fluctuations in pH and dissolved oxygen. South Carolina has narrative standards for nutrients in water and the
USEPA has issued recommendations for phosphorus concentrations to prevent over-enrichment.

The forms of nitrogen routinely analyzed at SCDHEC stations are ammonia and ammonium nitrogen
(NH,/NH,), total Kjeldahl nitrogen (TKN), and nitrite and nitrate nitrogen (NO,/NO;). Ammonia and
ammonium are readily used by plants. TKN is a measure of organic nitrogen and ammonia in a sample.
Nitrate is the product of aerobic transformation of ammonia, and is the most common form used by aquatic
plants. Nitrite is usually not present in significant amounts.

Total phosphorus (TP) is commonly measured to determine phosphorus concentrations in surface
waters. TP includes all of the various forms of phosphorus (organic, inorganic, dissolved, and particulate)
present in a sample.

TURBIDITY

Turbidity is an expression of the scattering and absorption of light through water. The presence of
clay, silt, fine organic and inorganic matter, soluble colored organic compounds, and plankton and other
microscopic organisms increases turbidity. Increasing turbidity can be an indication of increased runoff from
land. It is an important consideration for drinking water as finished water has turbidity limits. State water
quality standards address turbidity in waters classified for Trout.

TOTAL SUSPENDED SOLIDS

Total Suspended Solids (TSS) are the suspended organic and inorganic particulate matter in water.
Although increasing TSS can also be an indication of increased runoff from land, TSS differs from turbidity in
that it is a measure of the mass of material in, rather than light transmittance through, a water sample. High
TSS can adversely impact fish and fish food populations and damage invertebrate populations. There are no
explicit State standards for TSS.

HEAVY METALS

Concentrations of cadmium, chromium, copper, lead, mercury, and nickel in water are routinely
measured by the Department to compare to State standards intended to protect aquatic life and human health.
These metals occur naturally in the environment, and many are essential trace elements for plants and
animals. Human activities, such as land use changes and industrial and agricultural processes, have resulted in
an increased flux of metals from land to water. Atmospheric inputs are recognized as important sources of
metals to aquatic systems. Metals are released to the atmosphere from the burning of fossil fuels (coal, oil,
gasoline), wastes (medical, industrial, municipal), and organic materials. The metals are then deposited on
land and in waterways from the atmosphere via rainfall and attached to particulates (dry deposition).



